Purpose: The aim of the study was to evaluate the relationship between the diameter and aneurysmal dilatation of the paraumbilical vein (PUV) and the presence of portosystemic collateral shunts and their relationship with age and portal vein diameter.
Introduction
Increased portal pressure is the main factor leading to the formation of portosystemic collaterals, which develop by the opening, dilation, and hypertrophy of pre-existing vascular channels [1] . The most common cause of portal hypertension is the intrahepatic block caused by liver cirrhosis. Development of collateral circulation allows decompression of the portal system into systemic vasculature [2] . In advanced portal hypertension, the collateral circulation may carry more than 90% of the blood entering the portal system [1] . Information about collateral pathways is relevant especially when interventional procedures or surgery is considered, because accidental damage of those vessels can cause significant life-threatening bleeding [3] . The blood flow in the portal system is always dependent on pressure gradient. Typically, this is a phase-dependent, breath-dependent, hepatopetal flow, which takes place through the trunk of the portal vein -the main route of blood flow from the intestine to the liver. Under normal conditions the small veins, called accessory portal veins, such as paraumbilical veins, gastro-hepatic vein, diaphragmatic veins, and veins of gallbladder fundus (Sappey veins), support the flow into the portal system.
It is important to remember that the portal system is not completely closed. Under normal conditions it can be powered by the inflow veins of superior vena cava and inferior vena cava, based on the current pressure gradient.
Portal hypertension (PH), an increased blood pressure gradient between inferior vena cava and portal vein of over 5 to 10 mmHg, is a major complication in several liver diseases. The increased pressure in the portal vein (PV) causes its dilation and the formation of collateral flow.
The main interest of our study was an evaluation of collateral flow thought the paraumbilical vein (PUV). The normal falciform ligament contains one to three tiny, collapsed paraumbilical veins. In patients with cirrhosis the number and calibre of these vessels may increase [4] . The finding of a patent paraumbilical vein in the liver cirrhosis, combined with the clinical manifestation of a caput medusae in the epigastric region, is known as CruveilhierBaumgarten syndrome (CBS). The paraumbilical vein runs in the falciform ligament from the left branch of the portal vein to the anterior abdominal wall and is connected to the superior and inferior epigastric veins [5] .
In portal hypertension its diameter increases, visible as a 3 mm or wider patent vessel, but in some cases it may be enlarged dramatically, forming a paraumbilical aneurysm. There are some indications that patent or enlarged PUV may prevent the formation of oesophageal varices, decreasing the possibility of life-threatening bleeding [5] [6] [7] [8] [9] . Because the PUV tends to increase blood flow to the portal trunk, the portal haemodynamics caused by developing patent PUV differ from those affected by other collateral vessels. Such a unique anatomic feature suggests that PUV may create the collateral flow, which decreases the inflow into oesophageal varices (EV). Therefore, some studies based on endoscopic evaluation of EV do not support that hypothesis and the role of PUV is not clearly established, so the opinions in the literature are divided [10] [11] [12] .
There is no clear or universally accepted definition of aneurysm of the portal venous system. Some authors accept a dilated segment of a vein as an aneurysm when its diameter is significantly larger than the remaining segments of the same vessel, and when the largest diameter of that segment is beyond the accepted upper normal limit for each vessel [13] .
This definition is applicable for the vessels patent in all subjects. PUV is a vessel patent only in portal hypertension, and there is no reference diameter to be applied for aneurysm assessment. Bearing that in mind, we decided to apply a value of 2 cm for PUV aneurysm, which is accepted in several studies for defining the aneurysm of the portal vein in the group of patients with portal hypertension [14] [15] [16] [17] .
In our interest, in the assessment based on CT scans of patients with patent PUV, we evaluated paraumbilical vein in its relation to the presence of oesophageal varices, the number of collateral channels, the portal vein diameter, and the patient's age. We made an attempt to determine risk factors of PUV aneurysm formation.
Material and methods
In our retrospective study analysed a group of 126 patients (77 male and 49 female, average age was 54.7 ± 12.98, median 56 years) examined in the Department of Radiology, Warsaw Medical University between the years 2007 and 2017. The database search targeted patients with patent umbilical vein and portal hypertension caused by different entities. We divided patients into two groups: with PUV < 2 cm (Group 1) and PUV aneurysm (Group 2).
All CT studies were performed using a 64-MDCT (Light Speed, GE), which was used according to the following protocol: three-phase CT -native, arterial and venous phase; with administration of a bolus of contrast agent (low-osmolality contrast 80 ml; injection rate 5 ml/s).
The portal phase images used to assess the abdominal venous structures were acquired 60 seconds after a bolus contrast injection. The scanning parameters were as follows: a contiguous 2.5-mm collimation and 12.5 mm per 0.5-second table speed per 360° gantry rotation, with a resultant pitch value of 1.25. For the purpose of this analysis all studies were re-evaluated by three independent radiologists using dedicated software (Figures 1 and 2) . The CT analysis consisted of the number of patent and enlarged paraumbilical veins and the type and number of collateral channels, and the diameter of portal vein and paraumbilical vein was measured. PUV appeared as a patent on CT scans as a tubular or circular enhancing structure more than 3 mm in diameter. We established PUV of diameter According to Cho et al. [18] , we divided the collateral channels into 11 groups: caput medusae, coronary, oesophageal, retrogastric, perisplenic, mesenteric, omental, splenorenal, gastrorenal, abdominal wall, and retroperitoneal.
We analysed the number of collateral circulation patterns coexisting with patent paraumbilical vein.
Statistical analysis was performed with Statistica software (version 13). The Kolmogorov-Smirnov test with Lilliefors correction was used in order to estimate the normality of data (age, diameter of paraumbilical vein and portal vein); the data was not normally distributed. The Spearman correlation test was used in order to measure the strength and association between age and number of collateral channels, diameter of portal vein, and diameter of periumbilical vein.
Results
Our study showed the presence of all collateral channels in patients with patent PUV. The most frequently noticed were coronary veins (69%), oesophageal vein (58%), perisplenic veins (56%), and mesenteric veins (54%) (Figure 3) . In all patient groups the portal vein mean diameter was 14.73 mm (± 2.706 mm) -median 14.5 mm. The mean diameter of the paraumbilical vein was 7.97 mm (± 6.02 mm) ranging from 3 mm (patent) to 43 mm (aneurysm).
Our results disclosed statistically significant negative correlation between patient age and diameter of paraumbilical vein (Spearman's correlation coefficient = -0.23) (Figure 4) , number of portosystemic collateral channels and diameter of portal vein (Spearman's correlation coefficient = -0.24), and positive correlation between diameter of paraumbilical vein and diameter of portal vein (Spearman's correlation coefficient = 0.28) (Figures 5 and 6 ). There was a significant difference in the size of portal vein in the group with PUV aneurysm and patients without PUV aneurysm. The mean diameter of the portal vein in the group with PUV was 14.58 mm (± 2.56 mm), and in group without PUV 17.29 mm (± 4.15 mm) p < 0.05. Patients with PUV aneurysm were significantly younger than those without PUV aneurysm. The mean age in group with PUV was 55.35 years (± 12.99 years), and in the group without PUV 43.57 years (± 7.91 years), p < 0.05.
A statistically significant difference in diameter of portal vein and number of collateral channels was found between groups with and without oesophageal varices. The mean diameter of the portal vein in the group with oesophageal varices was 14.11 (± 2.71), and in the group without oesophageal varices 15.60 (± 2.52), p < 0.05. The mean number of collateral channels in group with oesophageal varices was 5.75 (± 1.61), and in the group without oesophageal varices 2.58 (± 1.67), p < 0.05. No significant difference in age and portal vein diameter was found in these groups.
The distribution of types and number of collateral channels in the whole group and in groups with and without PUV aneurysm are presented in Figures 7 and 8 .
In the group with PUV < 2 cm (Group 1) and the group with PUV aneurysm the distribution of collateral channels differed in frequency of collateral flow in the anterior abdominal wall and caput medusa. The occurrence of oesophageal varices differed insignificantly in groups, with lower incidence in group 1.
Discussion
Portal hypertension is a clinical syndrome associated with increased blood pressure in the portal vein. Increased blood pressure may be caused by several entities, which can be divided into three groups depending on which part of the portal system was affected.
The most common cause of portal hypertension in the world is liver cirrhosis -also the most common cause of portal hypertension in the analysed group of patients (98%).
The greatest concern in the clinical course of cirrhotic patients is a bleeding from oesophageal varices. This life-threatening condition often requires immediate surgical treatment including the creation of an intrahepatic portosystemic shunt.
Patent paraumbilical vein is a common finding in patients with portal hypertension; it can be found in 6-30% of patients with cirrhosis of the liver [19] . According to Sacerdoti et al. [20] and Chen et al. [21] , patent PUV is most often present in patients with alcoholic liver cirrhosis (alcoholic vs. viral -56% vs. 29%, p = 0.011) but the prevalence of variceal bleeding is higher, compared to patients with viral cirrhosis. In contrast, Arora et al. [7] present the view that the development of a large recanalised paraumbilical vein may prevent the bleeding from oesophageal varices but predispose to hepatic encephalopathy. Our CT study did not focus on the aetiology of liver cirrhosis, but alcoholic disease may be suspected as the dominant reason for cirrhosis.
There is some controversy in the literature regarding the relationship between PUV patency and the development varices. A duplex-Doppler study performed by Mostbeck et al. [5] in a group of 11 patients with patent PUV revealed nine patients with EV. Measuring the flow in PV and PUV, they came to the conclusion that dominant hepatofugal flow in PUV may prevent EV bleeding. Kondo et al. [12] investigated the influence of PUV patency and its effect on the portal haemodynamics by using Doppler ultrasonography. In a retrospective study on a group of 181 patients they found 26% patent PUV. The mean flow volume in the portal trunk, the incidence of a left gastric vein with hepatofugal flow, and the grade of the oesophageal varices were significantly higher in the patients with a patent PUV, and the deterioration of ascites during the two-year follow-up period was significantly more often in the patients with patent PUV (4/12, 33.3%) than in those without. They concluded that patent PUV signifies pressure-loaded portal haemodynamics and a high incidence of advanced oesophageal varices in cirrhotic patients, as well as a high rate of deterioration of ascites. However, the presence of a patent PUV seems to have little effect on the disease prognosis. In our group, oesophageal varices were present in 58% of patients. There was no significant difference between the two groups of patients (with and without PUV aneurysm) in the presence of EV.
Portal vein aneurysm (PVA) is a very rare condition. It has been observed by US in 0.067% of patients [22] . Koc et al. [23] in a CT study reported a 0.43% prevalence of portal venous system aneurysm among 4186 patients. Lopez-Machado et al. [24] , in a retrospective study using different imaging techniques in a group of 11 patients, found 13 PV aneurysms but only one PUV, the diameter of which was 25 mm. In an overview of international literature, Laurenzi et al. [25] presented 96 reports including 190 patients presenting portal vein aneurysm. PVA diameter in these studies was 19 mm.
Studies concentrated on PUV aneurysm are rare. Most of them are case reports concentrating on the surgical treatment [2, 26, 27] of haemorrhage caused by ruptured aneurysm. In a CT study by Yang [28] the retrograde analysis of 18 patients with aneurysm of umbilical portion of portal vein was performed. The diameter of aneurysm ranged from 15 mm to 22 mm (mean 18 mm) and the prevalence of portal vein aneurysm of the umbilical portion was 0.109% (18 of 16,435) . In our study, with the diameter of PUV aneurysm set at 20 mm, the prevalence of PUV aneurysm was 5.5% (seven from 126 pts). It should be noted that this high incidence of PUV aneurysm in comparison to other works may depend on especially selected group of patients -all with portal hypertension and patent PUV.
In our group there was a significant difference between the age of patients with and without PUV aneurysm. That may also depend on the special patient selection; other works present patients with portal hypertension, but not all of them had patent PUV [16] .
Study limitations include the study protocol included only CT examination; in future protocols Doppler examination could be included for haemodynamic evaluation. Clinical data (such as etymology of liver cirrhosis) could also be used to determine possible risk factors of PUV aneurysm formation.
Conclusions
Our study showed that younger patients with liver cirrhosis are characterised by wider paraumbilical veins. Patent paraumbilical vein does not prevent the formation of oesophageal varices in the group of patients that was analysed. The patients with wider portal vein had fewer collateral channels and wider paraumbilical vein. Patients with oesophageal varices had more collateral channels and narrower portal vein than patients without oesophageal varices. We found no correlation between the number of collateral channels and the diameter of the paraumbilical vein and age.
